Facility for Highlighting Documents Accessed Through Search or Browsing 



Field of the Invention 

5 This invention relates generally to the field of computers, and in 

particular to enhancing query results provided by a search engine. 
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Background 

The World Wide Web (WWW), often referred as the Web, is a fast 
;3 growing network that involves a vast quantity of data and numerous types of 

i[p 20 services aimed at accessing, organizing, and distributing that data. In particular, 
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there are millions of documents on the Web and many on-line search services 
that enable the users to find documents that are of interest to them. 

Furthermore, documents on the Web are linked via hyperlinks, created by 
the authors of the documents, which enable the users to browse through 
25 documents on their own by following the links that interest them. 

The large quantity of the Web data and the fast rate of Web expansion 
have immanent implications on the ways the services on the Web can approach 
the problem of processing Web data. 

Collecting and processing all or a majority of Web documents with an 
30 appropriate rate of updating the information that has been collected about these 
documents is often not feasible, hideed, the processing power and the network 
bandwidth are not yet up to the task. However, there is also a more fundamental 

1 

. 777.370US1 




reason: becausl^the distributed nature of the data the^BP/ices are not in 

control of the document change - the authors of Web documents can change 
them at any time, as needed. That is why, among other reasons, search engines 
do not deUver the document text in response to the user's query. The search 
engines at best dehver the title and some type of summary of a document that is 
created by the search engine based on the version of the document available at 
the time the document was collected and indexed. The search engine points the 
user to the URL, i.e., the location of the document on the Web at the time the 
document was collected. It is up to the user then to execute the URL link and 
access the document text, which may or may not be the same as the text 
processed and summarized by the search engine. 

This lack of control over the content of documents on the Web requires! 
new approaches in providing some of the basic and commonly provided / 
document management features of traditional document management systems. 
Such features include: marking of the query terminology in the document text to 
help the user identify the portions of the text that talk about the desired topic, to ^ 
assess the document relevance to the topic, etc.; summarizing document text to 
extract most salient sentences or query specific portions of the text; analyzing 
the text to identify and extract entities that may be of particular interest to the 
user, e.g., person names, company names, locations, etc., or relations among 
these entities; creating various visual representations of the document to help 
with browsing through the docimient, assessing document relevance, etc. 

Since the documents on the Web are frequently accessed in the browsing 
mode by following the hyperlinks in the documents, the same type of document 
management support is needed for browsing among and through Web 
documents. 

Furthermore, since the type and the quality of services on the Web vary, 
the users on the Web often need to explore which of them can handle best a 
particular request for information. For example, if the user is engaging a couple 
of search engines to find certain types of documents, this often involves retyping 
the query in the appropriate search window of the individual search engines. 
There is a need for a faciUty that can assist the user in specifying the user's 
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information neHInd that creates various representatioi^R"that need suitable 
for interfacing with various Web services. 

Li summary, there is a need to provide the user with the facilities for 
obtaining better information regarding the relevancy of documents pointed to by 
various services on the Web or accessed by browsing the Web documents. 
There is a further need to provide such information based on the current versions 
of the documents. There is still a further need to provide the user with a 
consistent manner in which such relevancy is identified regardless of the way the 
document is accessed (based on a Web service information or browsing or the 
combination of). There is yet a further need to provide a rich representation of 
the user's information need. 



Summary of the Invention 

An information highlighting facility on a computer assists the user in 
searching, browsing, and reading documents on the Web or similar distributed 
network environments. When the user downloads a document from the Web, 
e.g., by following a hyperlink while browsing the Web or by choosing one of the 
documents that a search engine (or some other Web service) found relevant to a 
previously issued query, the information highlighting facility provides 
information to assist the user in determining whether the document is of interest 
to the user. The facility matches the document text with a model of the user's 
information need that has been created by the facility (independently from the 
services that the user is using on the Web) and supports a number of document 
analyses. 

In the case of search, the document text is analyzed with respect to the 
user's specified information need. In this instance, the assistance in assessing the 
document relevance may be provided by marking keywords or key phrases 
within documents to make them easier to spot, by scrolling to what seems to be 
the most relevant portion of the document, etc., or by combinations thereof 
Additional assistance can be by extracting specified features from the document 
such as company names, person names, location names, etc., by simunarizing 
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of the user's query, by constructing^ftnt 



documents in of the user's query, by constructing^Bmbnail images of 
documents with query terms highUghted, etc. Furthermore, the faciUty can 
provide alternative ranking of documents pointed to by the search engine on the 
basis of the richer representation of the user's need that the faciUty created. That 
5 can be achieved by pre-fetching, analyzing, and re-ranking a selection of 
documents that were originally pointed to by the search engine. 

In the case of browsing, for example, the user can specify in advance or 
at the time the document is accessed, a perspective from which the user wants 
the document to be analyzed. For example, the user can provide the information 
10 highhghting facility with a description of the topic the user is interested in or 
other for analyzing documents criteria (e.g., a format specification of the 
document). This description of the user's preferences can be applied to analyze 
the accessed documents (currently and subsequently) as well as used to give a 
relevance assessment of the documents pointed to by the hyperlinks in the 
15 currently viewed document. Relevance assessment of hyperlinks could be 

achieved, for example, by downloading and analyzing the linked documents in 
the background and providing the user with the qualitative characterization of 
the links. 

To assist the user in reading and assessing the documents, the 
ilP 20 information highlighting facility creates a description or a model of the user's 

need or interest. This model is used as the basis for various document analyses. 
!□ Model may include, but is not limited to, descriptions of queries that the user is 

sending to search engines on the Web, a general 'profile of interest' that the user 
specified (e.g., by means of a dialog), the augmented versions of these 
25 descriptions that the highlighting facility created based on further linguistic 

and/or semantic analysis, or additional information that the highlighting facility 
may collect or infer about the user's current task. The user may also request 
some generic types of analysis to be applied, e.g., extraction of certain types of 
entity names or entity relations that may be contained in the document. This 
30 model of the user interest serves as a context for the analysis of the accessed or 
pre-fetched documents. 
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The pr^Rsing required for the construction of lIRnodel can be done 
locally using facilities on the user's computer, or as an external service (e.g., at a 
dedicated server on the network), or as a combination of the two. Furthermore, 
the model construction can be done simultaneously and independently from the 
5 other services that the user is using on the Web (e.g., search engines). 

The information highlighting facility applies the model to the documents 
that are accessed by the user, or if required for some types of analysis, by pre- 
fetching the documents in the background. The results of the various analyses 
are presented appropriately (by inserting mark ups in the document, extracting 
10 information into separate windows, or creating various other visual 
representations). 

The facility also provides support for managing various user interest 
models and applying them by the user as needed both for document analysis and 
O for interfacing with other Web services (e.g., the user can simply point to the 

1 5 portionjoi.the ^odel r e presentatio n that needs to b£ sent to a particular Search 
service as a query). 

The principles on which the information highlighting facility is built 
allow for incorporation of various types of document analysis. For example, it 
can include but is not limited to: terminology marking, scrolling, re-ranking, 
20 document thumbnailing, summarization and link analysis. 
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Brief Description of the Drawings 

Figure 1 is a block diagram of a computer system on which the present 
invention may be implemented. 
25 Figure 2A is a block flow diagram showing interaction of the present 

invention with a Web based information service (e.g., a search 
engine) and browser. 
Figure 2B is a block flow diagram of a service for creating a model of the 
user's interest and management of documents and document 
30 requests. 

Figure 3 is a flow diagram showing the flow of creation of a context and 
its application to documents to provide highlighting. 
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Figure 4 



block diagram showing component^W)lved in providing 
augmented search terms and highlighting, 
is a flow diagram showing scrolling of a docimient to its most 
relevant portion. 

is a flow diagram showing re-ranking of docimients provided by a 
search engine. 

is a flow diagram showing the identification and provision of a 
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Figure 6 



Figure 7 



list of names associated with a document. 



Figure 9 



Figure 8 



is a flow diagram showing the creation of a thumbnail of a 
docimient with highlighting. 

is a flow diagram showing the creation of a summary of a 



docimient. 



Detailed Description 



hi the following detailed description of exemplary embodiments of the 
invention, reference is made to the accompanying drawings which form a part 
hereof, and in which is shown by way of illustration specific exemplary 
embodiments in which the invention may be practiced. These embodiments are 
described in sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be utilized and 
that logical, mechanical, electrical and other changes may be made without 
departing fi-om the spirit or scope of the present invention. The following 
detailed description is, therefore, not to be taken in a limiting sense, and the 
scope of the present invention is defined only by the appended claims. 

The detailed description is divided into multiple sections. A first section 
describes the operation of a computer system which implements the current 
invention. This is followed by a high level description of the inventipn, 
including how the model of the user's interest is^enerated and used. Further 
embodiments are then described, including re-ranking of documents and 
extracting and generating information fi-om the documents to fiirther assist the 
user in reading and assessing the accessed documents. 
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Hardware and Operating Enviroi 




Figure 1 provides a brief, general description of a suitable computing 
environment in which the invention may be implemented. The invention will 
hereinafter be described in the general context of computer-executable program 
modules containing instructions executed by a personal computer (PC). Program 
modules include routines, programs, objects, components, data structures, etc. 
that perform particular tasks or implement particular abstract data types. Those 
skilled in the art will appreciate that the invention may be practiced with other 
computer-system configurations, including hand-held devices, multiprocessor 
systems, microprocessor-based programmable consumer electronics, network 
PCs, minicomputers, mainfirame computers, and the like which have multimedia 
capabilities. The invention may also be practiced in distributed computing 
environments where tasks are performed by remote processing devices linked 
through a communications network, hi a distributed computing environment, 
program modules may be located in both local and remote memory storage 
devices. 

Figure 1 shows a general-purpose computing device in the form of a 
conventional personal computer 20, which includes processing unit 21, system 
memory 22, and system bus 23 that couples the system memory and other 
system components to processing unit 21 . System bus 23 may be any of several 
types, including a memory bus or memory controller, a peripheral bus, and a 
local bus, and may use any of a variety of bus structures. System memory 22 
includes read-only memory (ROM) 24 and random-access memory (RAM) 25. 
A basic input/output system (BIOS) 26, stored in ROM 24, contains the basic 
routines that transfer information between components of personal computer 20. 
BIOS 26 also contains start-up routines for the system. Personal computer 20 
further includes hard disk drive 27 for reading fi-om and writing to a hard disk 
(not shown), magnetic disk drive 28 for reading from and writing to a removable 
magnetic disk 29, and optical disk drive 30 for reading from and writing to a 
removable optical disk 31 such as a CD-ROM or other optical medium. Hard 
disk drive 27, magnetic disk drive 28, and optical disk drive 30 are connected to 
system bus 23 by a hard-disk drive interface 32, a magnetic-disk drive interface 
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33, and an opt^^drive interface 34, respectively. Th^^^es and their 
associated computer-readable media provide nonvolatile storage of computer- 
readable instructions, data structures, program modules and other data for 
personal computer 20. Although the exemplary environment described herein 
5 employs a hard disk, a removable magnetic disk 29 and a removable optical disk 
31, those skilled in the art will appreciate that other types of computer-readable 
media which can store data accessible by a computer may also be used in the 
exemplary operating environment. Such media may include magnetic cassettes, 
flash-memory cards, digital versatile disks, BemouUi cartridges, RAMs, ROMs, 
10 and the like. 

Program modules may be stored on the hard disk, magnetic disk 29, 
optical disk 31, ROM 24 and RAM 25. Program modules may include operating 
system 35, one or more application programs 36, other program modules 37, and 
ip program data 38. A user may enter commands and information into personal 

15 computer 20 through input devices such as a keyboard 40 and a pointmg device 
H 42. Other input devices (not shown) may include a microphone, joystick, game 

i|y pad, satellite dish, scanner, or the like. These and other input devices are often 

connected to the processing unit 21 through a serial-port interface 46 coupled to 

li ll 

li system bus 23; but they may be connected through other interfaces not shown in 

liS 20 Figure 1, such as a parallel port, a game port, or a universal serial bus (USB). A 

monitor 47 or other display device also connects to system bus 23 via an 
interface such as a video adapter 48. In addition to the monitor, personal 
computers typically include other peripheral output devices (not show^) such as 
speakers and printers. 
25 Personal computer 20 may operate in a networked environment using 

logical connections to one or more remote computers such as remote computer 
49. Remote computer 49 may be another personal computer, a server, a router, a 
network PC, a peer device, or other common network node. It typically includes 
many or all of the components described above in connection with personal 
30 computer 20; however, only a storage device 50 is illustrated in Figure 1 . The 
logical connections depicted in Figure 1 include local-area network (LAN) 5 1 
and a wide-area network (WAN) 52. Such networking environments are 
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commonplace 



fices, enterprise-wide computer nei 




intranets and the 



Internet. 



When placed in a LAN networking environment, PC 20 connects to local 
network 5 1 through a network interface or adapter 53. When used in a WAN 
networking environment such as the Internet, PC 20 typically includes modem 
54 or other means for establishing communications over network 52. Modem 54 
may be internal or external to PC 20, and connects to system bus 23 via serial- 
port interface 46. In a networked environment, program modules, such as those 
comprising Microsoft® Word which are depicted as residing within 20 or 
portions thereof may be stored in remote storage device 50. Of course, the 
network connections shown are illustrative, and other means of establishing a 
communications link between the computers may be substituted. 

Software may be designed using many different methods, including 
object oriented programming methods. C-H- and Java are two examples of 
common object oriented computer programming languages that provide 
fimctionality associated with object-oriented programming. Object oriented 
programming methods provide a means to encapsulate data members (variables) 
and member fimctions (methods) that operate on that data into a single entity 
called a class. Object oriented programming methods also provide a means to 
create new classes based on existing classes. 

An object is an instance of a class. The data members of an object are 
attributes that are stored inside the computer memory, and the methods are 
executable computer code that act upon this data, along with potentially 
providing other services. The notion of an object is exploited in the present 
invention in that certain aspects of the invention are implemented as objects in 
one embodiment. 

An interface is a group of related fimctions that are organized into a 
named unit. Each interface may be uniquely identified by some identifier. 
Interfaces have no instantiation, that is, an interface is a definition only without 
the executable code needed to implement the methods which are specified by the 
interface. An object may support an interface by providing executable code for 
the methods specified by the interface. The executable code supplied by the 
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object must ci 




ry with the definitions specified by t] 



:erface. The object 



may also provide additional methods. Those skilled in the art will recognize that 
interfaces are not limited to use in or by an object oriented programming 
environment. 



A block flow diagram of operation of the invention is shown in Figure 
2A generally at 200. An information highlighting facility, is designated as 
Information highlighting facility 210 as shown in Figure 2 A and 2B. The term 
highlighting facility refers to multiple functions used to highlight the relevancy 
of one or more documents as described below. It is not meant to be a term that 
refers only to the common fimction of highlighting text. The information 
highlighting facility also includes a document analysis facility to analyze 
documents prior to applying highlighting fimctions. 

A user's information need is represented at 205 in Figure 2A. The need 
is communicated to a means of accessing the web, such as a web browser 208, 
and to a information highlighting facility 210. The in formation hi RhUghting 
facility_210jcreates a model of the user's information need that is more or less 
independent of the expression of the us gr * s_inform ation need that is 
communicated by the user to a particular information providing service 212 
(e.g., search engines on the Web). The information providing service 212 also 
comprises an index 213 that identifies documents 214 by means of an address or 
URL fi-om which a web browser 217 may retrieve and display documents. 
Documents may also be provided directly to the information highlighting facility 



Input to the information highlighting facility 205 can be, for example, a 
single query or a set of queries 215 communicated by the user to the Web 
information providing service 212 (e.g., queries to a Search engine). These 
queries are in one embodiment captured fi'om the Web page of a search engine at 
the time the user types a query into the search box provided by a user interface 
216. This is referred to as an implicit characterization of the user's information 
need since it was not directly communicated to the information highlighting 



Invention Overview 



210. 
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facility 210, bl 




ler captured by the information hij 




Lting facility 210 by 



monitoring the user's actions. Similarly, the system used by the user can 
monitor user's actions and provide information on the task the user is performing 
218 (e.g., working on a report, sending an e-mail message, etc.) as a context for 
the information highlighting facility analysis to create the model of the user's 
information need. 

In another embodiment the information highlighting facility provides a 
query box that serves the purpose of specifying the query. The specified query is 
then sent (copied and pasted, dragged and dropped) to the search box 216 of a 
desired search engine. The user is then not required to retype the query when 
changing firom one search engine to another. 

Another, more explicit way of providing information highlighting facility 
210 with the characterization of the user's need is by using a user's specification 
of the task and intentions at 218 (for example, in a form of a dialogue with 
information highlighting facility 210) and/or the user's detailed description of 
the information need at 220 (a direct input to information highlighting facility 
210). Note, parts or all of the fiiU description of the user's need are then useable 
for communicating with a particular information providing service (e.g., a search 
engine to information directory on the Web). 

Information highhghting facility 210 is provided with a GUI 222 
(graphical user interface) that enables direct input firom the user. In particular, 
the user may specify a desired type of information highhghting facility 210 
analysis that should be applied to the viewed documents, with details on the 
parameters to be used in the analysis (when required) and preferences on the 
display of results as indicated at 223. Furthermore, the user may provide 
information on a particular task the user is currently performing as represented at 
224 to ensure that the analyses are context sensitive when applicable. 

Information highlighting facility 210 contains a module 225 for 
managing past requests for information analysis (e.g., storing, retrieving, 
concatenating queries and information need descriptions) and/or documents that 
have been downloaded and analyzed. 
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Inform; 




highlighting facility 210 analyses 




involve three 



components: format recognition and analysis module 227, content analyses 228 
(e.g., linguistic and statistical analysis of the text), and resources 229 required 
for the analyses (e.g., linguistic and knowledge resources for identifying 
company names in the text). 

The user specifies the information need 205 to information highlighting 
facility 210 directly or indirectly by communicating it to the Web information 
providing service 212. The system or the user may also provide information on a 
task that the user is currently performing. The user also specifies the type of 
information highlighting facility analysis that should be performed on the 
accessed documents. 

This request for information is communicated via Web browser 217 to 
the information providing service. As a result, the user is provided with URL's 
and perhaps some additional information about documents that potentially 
satisfy the user's information need. For example, in case of Web search engines, 
the result of a search is typically a ranked list of docxmient titles with short 
summaries and URL's. 

Based on the task context 224 and the specification of the user's 
information need, information highlighting facility 210 creates a model of the 
user's information need represented at 232. 

Figure 2B provides further information about process flow of the 
invention. The numbering of modules is consistent with Figure 2A. Information 
highlighting facility 210 provides several features to enhance or highlight 
documents as indicated at 240. Such features may include terminology 
highlighting, document scrolling, entity extraction and relation finding, 
hyperlink analysis, document relevance ranking, document thumbnails, and 
document summarization. 

As an example of the process flow, if the user desires to have relevant 
terminology from the information request highlighted in the accessed 
documents, information highlighting facility 210 processes the request for 
information using linguistic analysis tools 228 and knowledge resources 229 to 
create a rich model 232 of the topic of interest. For example, it may perform 
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synonym expalBBn of the original terms in the infomil^R request to ensiire 
that relevant information is highUghted in the document without the need for the 
user to try to anticipate the linguistic variations in which the topic is described in 
the text. 

5 As the user accesses a document, the model of the user's information 

need is used in the analysis of the document. For example, terminology 
highlighting is achieved by detecting in the document text (e.g., pattern 
matching) the terminology from the rich linguistic representation of the user's 
information need created by information highlighting faciUty 210. The user can 
10 specify various parameters related to terminology highlighting at 223. For 

example, the user may prefer to have terminology from the original description 
of the information need highlighted in one color while all the synonyms in some 
other color. Or, perhaps, the user may want only the occurrence of multi-word 

^ phrases from the request highlighted in the document, etc. 

111 15 Some types of information highlighting facility analysis may require pre- 
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fetching the document text in the background as the user is performing other 
W tasks, e.g., viewing the result list from the search engine. For example, suppose 

that the user requested that thumbnail images of docimients that were indicated 
by the search engine be displayed with query terminology highlighted in them. 
20 In that case, the text of documents from the search resuU page being viewed by 
the user could be downloaded in the background as represented by 
y communication line 245, analyzed for query terminology and document layout 

and the highlighted thimibnail images would be displayed. 

Similarly, suppose that the user requested an altemative ranking of the 
25 search result based on the rich information highlighting facility representation of 
the user's need (as oppose to the short query that the user may have 
communicated to the search engine). The document text of some selected 
documents (e.g., top N ranked documents) could be pre-fetched in the 
background, linguistically and statistically processed, and compared with the 
30 information highlighting faciUty 210 model of the user's interest. The documents 
would be scored and altemative ranking of them presented to the user. 
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Many Wme information highlighting facility 2i^mialyses could be 
equally applied to the documents accessed as the user is browsing through the 
documents. 

Information highlighting facility 210 may be implemented as a local 
5 service on the user's desktop or as a remote service, or can be a combination of 
the two. For example, some information highlighting facility 210 analyses could 
employ the locally available resources (e.g., thesauri or knowledge base that the 
user may have available locally). 

When applied as a remote service (and thus used by a number of users), 
10 information highlighting facility 210 could benefit from the information it may 
store on the user commimity. For example, it may store some types of analysis of 
documents that have been performed as a result of the users' requests within a 
certain period of time (e.g., an hour, or a day, etc.). 
ip For example if a user A requested that the accessed documents be 

1 5 analyzed for company names and person names, information highlighting 

facility 210 can perform this analysis and store the analysis results. When a user 
B accesses the same document and asks for the same analysis the results could 
be delivered without repeating the document analysis (and thus saving the 
processing time). 



o 



20 

As indicated above, information highlighting facility 210 captures 
information about the user's need. This can be done, in one embodiment, based 
on the queries that the user issues to the Web Search engines or different Web 
services at the service Web site. It can also be based on the user's description of 
25 the user's interest or information need commimicated directly to information 
highlighting facility 210 through the information highlighting facility interface 
222. Furthermore, the information highlighting facility 210 may make inferences 
or collect from the user explicitly (e.g., through a dialog) information about the 
user's task or intentions or preferences about the characteristics of documents 
30 (e.g., format of the documents that the user wants to access or avoid) or similar. 

Based on the collected information, the information highlighting facility 
210 builds the representation or model of the user's interest. This model than 
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provides a con^J^or analysis and information highlig^J^ of any document 
accessed by the user. In one embodiment these are the documents downloaded 
from the Web. However, information highlighting facility 210 can be extended 
with components that recognize formats of documents from various sources 
5 (e.g., documents created by appUcations running locally on the user's desktop, 
documents delivered via e-mail, etc.). All information highlighting facility 210 
features could then be appUed to the content of those documents and the results 
displayed appropriately. 

Users may access documents by directly executing a URL of the desired 
10 document via the browser 217 or may follow a hyperlink in the currently viewed 
document or may select to access documents from a list of URLs presented to 
the user by a Web service (Search or others) as a result of the user's request for 
information. 

As the documents are downloaded by the browser 217 they are processed 
15 by the information highhghting faciHty 210 in view of the model of the user's 
!2 interest. The results of the information highlighting facility 210 processing are 

ly then displayed appropriately to the user. Information highlighting facility 210 

pi may include a number of different features and supporting analyses comprising 

=^ but not Umited to: marking of terminology in the text, scrolling to the relevant 

ILfl 20 passages in the document, extracting specified entity names and relations among 

entities in the text, summarizing documents by selecting sentences salient to the 
content of the document, or related to the query, etc., ranking documents in a 
designated document set with respect to the information highlighting facility 210 
representation of the user's need, analyzing hyperlinks in the viewed documents 
25 with respect to the user's need, and creating various visual representation of the 
documents, such as thumbnail document images with highlighted information in 
the document text and hyperlinks to support reading of and browsing through the 
document text. 

The information highlighting facility 210 provides support for storing 
30 and managing various models of the user's interests. In particular it enables the 
user to select which of the existing models or combination of the existing models 
should be used as the context for the analysis of documents. 
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ishes to engage Search or similar 



;ervices for 



information seeking the user's queries or parts of the comprehensive information 
highUghting facility 210 model of the user's interest 232 are sent via browser 
217 such as Internet Explorer for processing by the service 212. The user 
interface 216 running on the service end receives queries and performs the 
search operation over the documents that have been collected and processed by 
the service. Typically the services store information about the docxmients, 
including the document URL (uniform resource locator) in the form of index 
213. As a result of the query processing, document identifiers, such as URLs, 
are retrieved from the index and typically ranked in relevance to the queries. 
The URLs are sent back to the client. 

In one embodiment, the user's interest model is generated by analyzing 
the query terms as entered by the user in 216. This may involve creating an 
augmented set of search terms based on syntactic analysis and semantic 
expansion of the user's query. The information highlighting facility 210 then 
provides highlighting of the original and expanded query terminology in the 
documents accessed upon the user request (via document identifier, the URL). 
Furthermore, the information highUghting facility 210 may use information 
about the wider context, e.g., the user task or user's explicit preferences to 
perform the terminology highlighting appropriately. For example, to support 
more efficient reading of the document, information highlighting facility 210 
may perform selective terminology highlighting in the text by highlighting only 
key concepts from the user's interest model in the paragraphs that are assessed as 
most relevant to the user's need. 

In one embodiment the information highUghting facility 210 receives the 
list of URLs from the Search engine or other Web service and begins to 
download documents 214 identified via browser 217 in the background (while 
the user is performing other tasks, like reading the result list, etc.) in order to 
perform the linguistic and statistical analysis of the document texts. MS Read 
then re-ranks the documents with respect to their relevance to the user's interest 
model, a more comprehensive representation of the user's interest than the one 
presented by the user to the Search or some other Web service 212. 
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In one 



lodiment, information highlighting 




210 performs 



document analysis without a need for downloading and analyzing the document 
text in advance or in the background. This is done based on simple text analysis 
that requires no significant overhead in the processing time than it is required to 
download and display the document. In still a further embodiment, other 
document analysis can be performed in the background as represented by line 
245. This analysis may be more involved and require each document to be 
downloaded. Both approaches can be used to support entity extraction and 
relation finding, document summarization, etc. 

In case that the user engages in browsing through Web documents the 
user can either specify an existing context, i.e., a model of the user's interest or 
need that information highlighting facility 210 created previously or can initiate 
a creation of the new one by providing information to the information 
highUghting facility 210 in various forms, including but not limited to a 
description of a particular topic interest, preferences, intentions and purpose of 
the browsing task, etc. Information highlighting facility 210 then creates the 
appropriate user's interest model as described above and applies them to the 
documents as the user browses the Web. In one embodiment, the information 
highlighting facility 210 downloads in the background the documents that are 
pointed to by the hyperlinks in the currently viewed document. These documents 
are analyzed with respect to the current model of the user's interest. The result of 
the analysis is information to the user about the relevance of the hyperlinks and 
suggestion for further steps in browsing. In other embodiments the hyperlink 
analysis is performed by the information highlighting facility 210 based on the 
text in the current document that surrounds the hyperlinks, thus without the need 
to download the linked documents in the background. 

Analyses performed by the information highlighting facility 210 can be 
performed locally, using the local information resources as needed (linguistic 
resources such as lexicons, dictionaries, knowledge base, etc.) or remotely or as 
a combination of the two. The types of analyses include but are not limited to: 

Terminology marking. When a document is downloaded, the terminology 
describing the user model can be highlighted, for example, by making keywords 
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Ider than the surrounding text, or by 



iging the background 



color to facilitate easier spotting in the text. In one embodiment this type of 
terminology marking can be done at the time the document is downloaded. In 
another embodiment, a more sophisticated terminology marking is provided by 
pre-fetching and analyzing the document text in the backgroimd (e.g., while the 
user is performing other tasks, such as reading the document titles in the result 
sets of the search engines). 

Scrolling. When a document is downloaded, it can be scrolled, for 
example, to the most relevant portion of a multi-page document. This can be 
done, for example, by statistical and linguistic analysis of the text that involves 
scoring individual paragraphs or subparts of the document with respect to the 
user model. Alternatively, it may be based on a simple statistical analysis of the 
occurrences of terminology from the user's interest model in the text at the time 
the document is being downloaded, thus with no need for pre-fetching the 
document text. 

Re-ranking. The list of documents provided by one or more search 
engines may be re-ranked based on relevance ranking and based on a 
representation of the user's need. The re-ranking may be based on but not 
restricted to the analysis of information from the summaries provided by the 
search engines or by pre-fetching the document text and performing additional 
relevance assessment. This analysis may range from simple pattern matching of 
the document text and the terminology in the user model to deeper linguistic and 
statistical analyses and relevance scoring of the document texts. 

Document Thumbnailing. Based on a downloaded document, a thimibnail 
image of the document may be created with or without highlighting of various 
information found in the document text (e.g., the user query term, the expanded 
model of the user need, most salient sentences in the text, etc.). Links from the 
thumbnail image to the document text could be provided to enable easy 
browsing through the document. By providing visual cues, the thumbnail image 
of a document provides assistance is assessing the relevance of the whole or 
parts of the document. 
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be provided by 



but 



is not restricted to extracting salient sentences from the text as identified, for 
example, by pattern matching with the terminology of the user's interest model 
or by a deeper linguistic and statistical analysis of the document text. In one 
embodiment, the summaries are generated based on various entities and entity 
relations found in the text, related to or independent from the current user's 
interest model. 

Link analysis. The internal and external links on a web page can be 
assessed by, for example, downloading the text of the linked documents in the 
background and assessing their utility with respect to the user model. Such 
information may be communicated to the user as an aid in deciding whether or 
not to follow the links. 

In Figure 3, a terminology highlighting or marking facility, which is one 
of the features of the information highlighting facility 210 is indicated generally 
at 3 1 0. The terminology highhghting facility consists of a client component 3 1 5 
(i.e., highlighter) that can be an independent application or part of a browser. 
The highlighter operates in one of two modes: query mode 320 and profile mode 
325. The highhghting facility also consists of an analyzer 330. 

In the query mode, when a query is issued, the highlighter captures the 
query at 335 (such as from the search window on the search engines web page) 
as entered by the user and sends it to the analyzer 330 for syntactic analysis and 
semantic expansion. 

Note that instead of capturing the query from the search engine page the 
highlighting application can provide a separate window or a search box for 
typing in the query. That query could then be sent to any search engine. The 
advantage of this approach is that the user need not retype the query if the user 
wants to use services of different search engines or other Web services in 
general. 

The query analyzer 330 is a (local or remote) service that takes the query 
term or any other short description on a topic as input, and returns an augmented 
set of terms to the client as a result. The query term analysis is completely 
independent of the actual search and can be processed in parallel while the 
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ocessing the query. In one embodii 



'the analyzer is 



implemented as a remote service that accepts terms for analysis via a network 
connection. 

The original query terms and the augmented set of terms together 
represent the query context as indicated at 355. The system also makes 
association between the result page and the query context in order to ensure the 
original query is used for default highlighting until the user explicitly changes 
the context. When the user browses the Web within this query context (by 
choosing one of the links that represents a document found by the search 
engine), the corresponding terms are highlighted in the accessed document at 



Note that there can be any number of active contexts stored in the 
terminology highlighter. The association between the result page and the original 
query may be used to enforce the default highlighting of all the documents on 
the resuh list. For instance, if a user retums to the resuh page of a previous 
query, the terms of that query context will be highlighted if a document is 
browsed to from the result page. Additionally, terms of one context can be 
appUed to and highlighted within documents of a different query context, and 
new contexts can be constructed by combining terms of other contexts (for 
example the terms of several related queries can be combined or merged to build 
a new context). 

In the profile mode 320, the user can provide (e.g., by means of a dialog 
box) a description of the topic of interest at 365 which is then analyzed at 330 
analogously to the user's query to provide an augmented set of profile terms. 
This set of profile terms may be created in parallel with other activities that the 
user may perform and is then used as a basis for highlighting 360 of all 
subsequent documents that the user accesses either in real time, or as a 
background task. The model of the users interest may also be used as a basis for 
highhghting 360. 

In Figure 4 a block diagram shows components involved in providing 
augmented search terms and highlighting generally at 410. A user query^in the 
search mode) or the description of the user's interest (e.g., in the browsing 



360. 
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mode) is repreSBRd at 415 and is generated by a user fflBrending to a search 
engine or providing it to the read system as an interest profile. The query may 
be created on a search engine page, or may also be created on the chent side in a 
separate window or search box, and then sent to the search engine. User context 
5 information is gathered at 420, and comprises an analysis of the tasks that a user 
is performing, and analysis of other searches or interest profiles that appear to be 
related. An analysis engine receives the query and context information, and (in 
one embodiment) uses natural language processing at 430 and semantic 
expansion at 435 to provide a model of the user's interest, which in one 
10 embodiment may be a set of augmented search terms 440 or a user interest 

profile. Highlighting of text is then performed at 445 based on the model 440, in 
one embodiment by selecting a bright background color for all terms found in 
the document. When used to mark or highlight portions of the document, the 
model provides the ability to better identify text which is more relevant to the 
15 actual intent of the user. Several different types of additional highlighting are 
described with reference to further figures below. In one embodiment the 
document text is accessed and analyzed statistically and linguistically. This 
O analysis enables more sophisticated highlighting methods. For example, 

highlighting of terms that play a role of a subject or object in the query or profile 
20 description is more effective for reading a document than highlighting in the 
document all the concepts that appear in the query or the profile description. 
Similarly, query and interest profile terms could be highlighted in the document 
text only if they appear to have a specific linguistic role, e.g., the role of a 
subject or object. 

25 In Figure 5, a flow diagram indicated generally at 510 shows scrolling of 

a document to its most relevant portion based on the analysis of the document 
text. A next document identified in search results or accessed by browsing is 
received at 515. Subparts of the document are identified at 520. The subparts 
may be passages, sentences, lines, or paragraphs, all of a desired length or the 
30 length determined based on the distribution of query terms in the text. The 
subparts may in fact overlap if desired. Each of the subparts is then scored at 
525 in one of several well known relevance matching function with respect to 
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the model of tMrser's interest. Statistics from any reflWce corpus can be used 
for that purpose. The scoring may also be similar to that used by the search 
engine, but may also include the use of the model to give a better indication of 
relevancy. Further, a best portion of the document may be identified by 

5 combining consecutive paragraph scores or applying another method, such as (in 
one embodiment) a Hidden Markov Model (well known in the art) to identify the 
best passage at 530. At 535, the document is scrolled to the most relevant 
passage as identified above. The most relevant passage may be scrolled to in the 
actual document, or may be part of a list of passages which are provided with a 

10 link at 540 to corresponding documents. This provides a document list showing 
the most relevant passage of each document to enable the user to determine 
which document may be most relevant. If the later, decision block 545 
determines whether the document received was the last document in the search 
results, or selected portion of search results for this fimction. If not, the next 

1 5 document is received at 5 1 5, and its most relevant portion identified. If it was 
the last document, control is returned at 550. 

In one embodiment the scrolling of the document is based purely on the 
pattem matching of the document text with the query or model of the user's 
interest. For example, the document is automatically scrolled to the first 

20 occurrence in the text of an important concept in the query or model. Further, the 
document can be scrolled to the paragraph with the highest density of the query 
or correlation with the model of the user's interest. These document scrolling 
methods do not require accessing and analyzing document text in advance. 

In Figure 6, a flow diagram indicated generally at 610 shows re-ranking 

25 of a list of docimients provided by a search engine or the documents that are 

linked to the currently viewed document via hyperlinks. In the search mode, the 
list of documents is received at 615, and the top N documents referred to as best 
hits by the search engine are accessed from the respective servers at 620, as a 
background task while the user may be looking at the list, or performing other 

30 tasks. N may range from 2 to as many as resource constraints permit. N is 30 in 
one embodiment. The entire document, or some number (K) of pages of the 
document may be used. Each document may then be scored at 625 in its entirety 
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or similarly toU^^ortion scoring as described previouS|Pfsing a relevance 
matching method. The scoring may be based on the model, including at least 
augmented search terms and linguistic analysis of the document text. The list of 
documents is then sorted in accordance with the document scores at 630. An 
5 alternative rank of each of the documents can be provided, or a new hst of less 
than N provided. The list is then provided to the user at 635, and control is 
returned at 640. 

In the browsing mode, the Ust of documents received at 615 represent all 
the document linked to the currently viewed document. The documents are 
10 accessed from the respective servers at 620 in the background and scored at 625 
for relevance with respect to the model of the user's interest that the current 
document may be associated with. The resulting score for each linked document 
is then displayed in relation to the document link on the current page and serves 
as a guide for following the links if desired. 
15 In Figure 7, a flow diagram indicated generally at 710 shows 

identification and provision of a list of entities (such as names associated with a 
hi document) and relations among entities in a document. A document is received 

:r: at 715, and documents are downloaded at 720. Heuristics for identifying entity 

names and relations among entities (e.g., for person names that may include 
"'"^ 20 recognizing titles, capitalization, position and function in the sentence, etc.) 

combined with lexicon lookups, are then applied to identify entity names and 
relations in the document at 725. A list of entity names and relations is created 
at 730. At 735, links into the document corresponding to the entity names and 
relations are provided. In one embodiment, the list of extracted entities is 
25 displayed in a separate window, and each entity is supplied with navigational 
features, such as an up and down arrow to navigate to next and previous 
occurrences of the entity in the document. Information about the particular 
entity or entity relation may be extracted from additional resources at 740. For 
example, if the entity is a company name, appropriate information services 
30 providing information about such entities can be used to supply a link to the web 
site of the particular company. If the entity is a person name, the user may be 
able to access a person's web site using appropriate information services, or if 
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icly known figure, the latest infomu 



available fi"om the 



press. Similarly, if two entities, for example a person with the name N and a 
company with the name C are connected through the relationship '"N is the 
President of C" the system can provide the link to the pages where the person N 
is mentioned as the President of C. This feature may apply to a variety of 
entities, such as geographical features, countries, trademarks, etc. and typical or 
important relations among such entities . The list of entity names and relations 
with links is provided to the user at 745, and if the last document has been 
processed at 750, control is retumed at 755. This process may be applied to a 
selected number of documents, or may continue in the background as long as is 
desired, or until the context is switched. 

In Figure 8, a flow diagram indicated generally at 810 shows creation of 
a thimibnail of a document with highlighting. A next document is received 
through browsing or downloaded at 815 from the list of documents provided by 
a search engine. If the accessed document can be viewed as a single screen 
document (of some default size, for example) a thumbnail of the whole 
document is created. On the Web the concept of a page is different from 
traditional paper docimients. The size of a page can be a fixed size specified by 
the user or the system, or can be based on the size of the window used to view 
the document. For multi-page documents the most relevant passages can be 
foxmd at 820, and a thumbnail of the page contain the best passage created at 



The thumbnail appears as a single sheet of paper and may either relate to 
the first page of a document, or some scaled version or abstract representation of 
the document. Larger docimients may even be displayed as a stack of 
thimibnails with navigation there between. As an alternative, the thumbnail of 
multi-page documents can be created at 825 without identifying the most 
relevant passages as represented by broken line 828. Instead, the thumbnail may 
be an abstract representation of the whole document m the form of a fixed length 
page partitioned into blocks that corresponds to pages. They can be colored to 
reflect the presence of important terminology in the particular part of the 
document. For example, the color of the particular block can be related to the 
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color used to SPRight the most prominent term in tha^R of the document. 
The resuh of this approach is a thumbnail filled with the spectrum of colored 
blocks that visualize the relevance of each part of the document. 

At 830, portions of the thumbnail corresponding to the most relevant 
passages are highlighted. Portions may also be highlighted without assessing the 
relevance of the passages. Links are then provided at 835 fi*om the highlighted 
portions to the corresponding passages or portions of the document. The 
thumbnail is then displayed to the user at 840, and the process is repeated based 
on decision block 845 for a selected number of docxmients. Control is returned 
at 850. 

In one embodiment the thumbnail highlighting is based on the pattem 
matching of the query terms or interest profile terms without deeper linguistic 
analysis of the document text and identification of relevant passages. Generally, 
thumbnail highlighting can be done with respect to any information about the 
user's interest or information extracted from the document. 

In Figure 9, a flow diagram indicated generally at 910 shows creation of 
a siunmary of a document. A next document is received at 915, and the most 
relevant passages with respect to the model which may include the query (in the 
search mode) or interest profile (in the browsing mode) or independent from the 
current user's context are identified at 920 as previously described. Selected 
passages are then extracted and assembled to form a smnmary at 925. In this 
embodiment, the summaries are created by extracting sentences from the text 
that contain prominent query terminology . The summary may also be limited to 
a predetermined length, with the most relevant passages or sentences being used 
first. 

Portions of the summary are highhghted at 930, and links are created 
therefrom to corresponding portions of the document at 935. The summary is 
then displayed to the user at 940, and fiirther docxmients are processed in the 
same manner based on decision block 945. Control is retumed at 950. 
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Conclusion 

A highlighting facility on a computer provides information to a user to 
independently assist the user in evaluating the relevance of documents identified 
by a search engine or some other information providing service in response to a 

5 user query or the relevance of documents accessed in a browsing mode in 

relation to a particular user's interest. When accessing documents identified as 
relevant by the information providing serviceor in the browsing mode from other 
networked computers, the facility determines why a document may be of 
interest, and provides information or highlighting to assist the user in 

10 determining whether the document is desired. 

An important characteristic of the Web is a separation of data gathering 
and indexing from information delivery and presentation. The information 
highlighting facility deals with the presentation and information highlighting of 
docvmients to facilitate reading, comprehension, and assimilation of information 

15 found in the accessed documents, hiformation highlighting is independent of the 
search, and thus searches from multiple different search engines can be 
relevance assessed and ranked together in a consistent manner. By providing the 
highlighting based on actual retrieved documents, up to date versions of the 
documents are assured. The facility may base relevancy of a retrieved document 

20 on the original query, or a model of the user's interest, which may include an 
augmented set of search terms or enhanced version of the query which takes into 
account the general interest of the user as captured by an interest profile and 
context of use of the computer by the user, or a combination thereof. This 
provides a consistent and enhanced ability to correctly identify relevance of each 

25 document, rather than rely on the search engine basing relevance purely on a 
single query. 

Linguistic analysis and semantic expansion to provide the augmented 
version or set of terms is done in parallel with the execution of the query by one 
or more search engines to provide relevance more quickly. The model of the 
30 user's interest is then applied by the facility to documents as they are accessed 
through a browser to provide highlighting of relevant portions of the document. 
The model can be thought of as an interest profile context, or representation of 
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the user's infoSBRon need. When browsing the web 





this context or 



session, the corresponding terms are highlighted in the accessed documents. 

The facility may also be run as a remote service on a powerful computer 
(in contrast to the possibly less powerful local computers use by the user to 
further speed up processing and minimize delays. The remote service computer 
may in fact have a much higher bandwidth connection to the network, and be 
able to process many documents while the user is still considering the list of 
documents returned by the search engine or some other information providing 
service. 

Documents may be scrolled to the most relevant portion of a multi-page 
document based on pattern matching of the document text with the query or 
interest profile terms or by relevance scoring of individual paragraphs or 
subparts of the document based on the model. The list of documents provided 
by one or more search engines may also be re-ranked based on relevance ranking 
and based on a representation of the user's need. The re-ranking may be based on 
summaries provided by the search engines, or by actually retrieving the 
documents and either pattern matching with the augmented terms or performing 
a deeper linguistic and statistical analysis of the document text, or based on the 
model and assessing the document relevance to the query. 

Information, such as names of entities (e.g., the person's or a company 
name) and the relations among the entities may be extracted using well known 
heuristics and lexicon lookups, and provided as a list, linked back into the 
document. For such names and relations, external links can also be found by 
local lookup or query and provided to the user. Further, based on the 
downloaded documents, thumbnails of the documents may be created with 
highlighting corresponding to the most relevant portions of the documents. 
Links to the document are provided within the thumbnail based on the 
highlighting or discrete portions within the thumbnail corresponding to the 
relevant portions of the document. The thimibnail provides a visual 
representation of the relevance of the entire dociunent and allows the user to 
quickly identify an area of the document to help determine its relevance. 
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sumHBly of the document text can be providWPy ' 



A sumSB^ of the document text can be providWPy extracting salient 
sentences from the text as identified by pattern matching with the augmented 
terms or a deeper linguistic and statistical analysis of the document text, or based 
on the model. Summaries can also be generated based on important entities and 
5 entity relations found in the text, related to or independent from the current 
user's interest or query context. In a browsing mode, the internal and external 
links on a web page currently viewed can be assessed by downloading the text of 
linked documents in the background and assessing their relevance to the user's 
need and interest. Such information may be communicated to the user as an aid 
10 in deciding whether or not to follow the links. 

These different ways of providing relevance information can be divided 
into categories based on whether they require analysis of the target documents or 
not. Some can be effectively implemented based on a very shallow analysis of 
p the docimient text, practically by pattern matching without having to access the 

15 docxmient in advance. These include highlighting, scrolling and thumbnail 
creation and highlighting. Some ways are better implemented by downloading 
the document text and providing a deeper linguistic analysis of the text. These 
include more sophisticated document highlighting, scrolling and thumbnail 
highlighting, entity extraction and entity relation finding, summarization of 
20 documents, re-ranking of the retrieved documents and assessment of hyperlinks 
in the documents. 

The model of the user's interest may also vary across a broad spectrum 
from simple to more detailed. The original user's description of the query may 
be used in one embodiment. Further variations include using the augmented 
25 query, an original description of the interest profile, an enhanced description of 
the interest profile, general interest profiles which are not user specific, but are 
selected from some topical hierarchy - a library of topic profiles, and 
query/interest profile combined with information about the user's task. 

In the present invention, document presentation and document analysis 
30 features within a distributed computer network environment are provided where 
document gathering, indexing and relevance assessment with respect to a user's 
query is independent from document delivery and presentation to the user. The 
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user's need is ^PRated from the search strategy. In othHIPbrds, the user's query 
and interest profile are modeled independently from search activities such as by 
applying linguistic analysis. Further, support for relevance assessment is 
provided in both the search and browsing modes. The user interest model is 
applied to view and analyze documents that are accessed as a result of the search 
activity or by browsing Web documents. 

This application is intended to cover any adaptations or variations of the 
present invention. It is manifestly intended that this invention be limited only by 
the claims and equivalents thereof. 
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